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/Abstract of JP6302857 

PURPOSE: To provide a method of 
rrianufacturing a light emitting diode which has 
desired mechanical characteristics and 
transmittivity and Is capable of minimizing the 
resistivity at the Interface between a transparent 
layer and growth layer. CONSTITUTION: Light 
emitting diode layers 32, 34, 36. 38 are grown on 
a temporarily grown substrate to form a 
^rriparatlvely thin layer type light emitting diode 
structure 40, this substrate Is removed and 
conductive and llght-permeable substrate 42 is 
wafer-bonded to the diode layer 32 to be a lower 
buffer layer, instead of the temporarily grown 
substrate, thereby manufacturing a light emitting 
diode. 



42 



Data supplied from the esp@cener database 
http://v3.espacenet.com/textdoc?DB=EPODOC&IDX=JP6302857&P 



- Worldwide 
-0 



9/15/2006 



esp@cenet document view Page 2 of 2 



http://v3.espacenet.coin/textdoc?DB=EPODOC&IDX=JP6302857&F=0 



9/15/2006 



(19)H*B»flFJf (JP) (12) ^ ^ ^ ^ (A) 



#W¥6-302857 

(43)&nB ¥^6¥(1994)10^28B 



(51) Intel." 
H 0 1 L 33/00 



A 7376 -4M 
N 7376 -4M 



F I 



mmm *»« f6wo»i FD (^i7H) 



(21) mmmn 


#S¥6-64528 


(71)WSA 


590000400 








fca.— U-'y h • /t<y*— H • :^j>/1-— 


(22)tillMB 


¥dt6#(1994)3^8H 












h AZ-n— -XhU-h 3000 


(31)01 


0 3 6, 5 3 2 


a2mmm 




(32)Si^B 


1993^3^195 






(33)fi|j^«^3gS 


*H (US) 




W-f i' • v' 3 7"— • -y— 1372 
























:t— H^-f^/ 7086 






(74)f^A 













(54) [%m(D^mi f83fc^^-f:t-H<0«iS;&}i 



(57) 

3 4. 3 6. 3 8 ^£JH;*:^S$1i:, JtlSs«II»ti^c05£)t 
!S:^%^^-f ^- 3 2 JCSStt. S>t^4S«4 2 S 



•^0 



42 



1 

€(3 2, 3 4. 3 6RZf3 8) OiSmtm^&ffi&i) 

*ftt«*-r*s 1 b ; mmistiftm i 

(3 0) !£IStt:^lS«±{c^3ty-1' 
H^SKjfi-r ^ t (c J: o TSI^y-f HSS 
(4 0) SJg^L ;«3t3'-1':t-H«tji©ttlg©|^l±fc 

nommm (42) ?£«^^^-f:t-H>gic'>x-A-3H 

[0 0 0 1] 
[0 0 0 2] 

[0 0 0 3] tf-tttS^O. LEDttAJfJcmm 
< CDt^*?^0 L E D ©g«L E D ©|gKlffi«<^i9:itX:^ 

IGaAstVsd) LEDSH2 0 t^bT2&5. p- 
H— tf ^ii'an&A 1 G a A s (OX.H^'^z^-vJVm 1 0 

t. n-H-bf^i'Sn&Al GaAsCDXti'+S'^ 
2t*tp-f«-tr>i/3n;fclItfl:;^rU'>A '(« 

T. G a A s t 5 ) KJKtt»« 1 4 ©afflitf^fiS 

xt;^':*^>'^;nii oti 2o»^a8sa-5««E 

OT?. !RiRttS«l 4©;&I^CT*lCiScS#Sn, Xttl^ 

[0 0 04] la 2 1 ttKilJH±©S« 1 6 ±»c=SSSS 
•&}g®AlGaAs n- H— fcf^^'S 

n^A 1 GaAscDXtf^'^v+Jl/Bl 8t, n-H- 
lf>i^SnfcA 1 GaAs©B2 0X0^2 2 i^tftiRtt 
CDS«1 6±T;^fi3nS, XfcfrJ'^i/A'Jl'Pl 8-2 

2 oi^T?^«l*t^^sn, a.'o®iRSn-5i:t;5:<xfcf 

i'4'->-v;pja 1 8RrX2 2 sajauTjiff-rsj:5 

[0 0 0 51 LED ©tl«««©tt«x:^;P^ J; lOhiz 



(2) !|$il¥6-3 0 28 5 7 

2 

iia:(:J;oTttlB©|qI±&MJi$-7$<&. a%ttS«©^ 

[0 0 0 6] S%1$^«&^«LED{:»8&:3A)©St 

3tS«*^ & So S 1 ©8^^SttS3tttS«±T P - n g-& 
i<? SXt!^'^r>'-v;i'^:g$-a:SiltTifeS. LA^U CI© 

affioraHjSi«LEDXtf3'^v'-\'Jl.S©*&T;e»(cj; 

5o s 2 ©s^Btt^^^^^*$n•5KIRtts«±TL e d 

xfcf^:^^->-\';vas*SS3-ii-5Cfcafes. gl 
3-ettn-H-tf>i'Snfc33tttaffi2 4i, p-H 

-if>i^snfcxfcr5':^>'v;p»2 6ri^2 ssKJRft 
S« (EI^-B-f) JiTxt!5'^^>'rJl/^fi$ii--5::t*« 
T^S. a^ttt rs«j 2 4tt»^St-&tt©KiRtt©S 
«±-e7 5Mmfit±®JpVi. a3tttJ.:3««ttOXlf3' 

3'J©€-C*-5Xtf^'4^->a.;|/)g2 6 1 2 8*tXfc!3'4^-> 

^;i'©S)ttt rs«j 2 4±T^ssn, !RiRtta«tt 

l»£3n«. J: DJPtr)331^ rs«j 2 4 J: 

t»fc5fefcJ;i3»lr>xtri'4^->YJl'S2 62fcrK2 8SdES 

[0 0 0 7] 

ED©J:ie©S3itt^B(Ctt^*©^^*t*S, mifc, 

3A*s, 112 tc. -en^tBKgi/ijg^rt), rj?vij x 

>S:«t*-rS L E DStt«^ti*Sj 3-6 5 Jl.tifc«W» 

■dT. C/i-ASLEDAi/'ir— :;|#3fcS3e-r5l»fcH 

S. X^^^i'ttliti^^x— A©Xy>?<£il8ATiStfl'r-5 
Jia:*«*0. •ttlfcJcoT^'-l'rt-H (LED) ifimt6 

T^mmizfi^S). Mtc, mi'?x-Aa^:^< tt) 1 0 

S.)V<D rj9t,»j SSJi-C*Kg3tlSH2 OZ5:C502 1© 

nj LED»x:i?+->- 9>:/f;:S3&r-&IBC8B*ti|fe 

l?-r^)5S^*t;*:#<;5:-5. rroi^rr, r©||2©S$R 

bfc«-&BaMatt^iiR©iiefti^S7'p-tx©fc 
50 ©-e. f^ersjpsoraiid^sbs. 



3 

[0 0 0 8] ^(DtS^, !»lReS«t. S3t«S«CDa 
J:oT, !RlRttSffiS*-r-5LEDttS3l£ttS«OLE 

fc, r;»Vij S3ttt rs«j *«xe5':t^->rJl^fi!6fiSn 

CO 0 0 9] (RiRttSXttSifcttBO^StigipMOX 
If 3'=*^->^;i/ei:!ftCttli t ©Wfc:/7 y if • U 7 Pi' 
^'(Brag refrector)g!&^ft$1i--5itfcJ:oTS/hS 

fc«iftI-e#-5, :/7 5'if • u^kirij'ttKiRttgo^^ifi] 

[0 0 10] :^^VM<DSm\t'PU<t'b8S.JV<D m 
[0 0 11] 

mmim^-r^itid<D^m] ±ie©ae«itt, leds 

©f£fi©fc»JcgjS;S-^WjESfiateSffiffl-r«75^ 
©S«©Xlf:^^r2^^;l'J«S*i65>Ba:*rJCttlB39i|^± 

w«ttL EDHoxtr^*->^;i.«fi)0^iftTr«*-ett 
LEDStc^^^ni^t^ro-r, s^iei4S«txif^=t^5^ 
^;i/St©«F^-Sfr&ttraSTtti4Vi. . 
[0 0 12] -i^e«n«ss«tt^a©«i«*#tt**r« 

flS-r-srcJ&lC. SiPS!©KJKtt*««»SflMT€ES. 
*fc?B[«Xi;^'4'5^> SrtaxKi'^5/, ^)li*«MKi|S3S!l 

«Ry:/XK^>^^tr-A • xhf^'^i^^^tj-o, xtt 
«»©^«;i;5ri**fiJfflbTLEDji*tjss$n^., l 

ED«jiS^J[ST-5LEDJitt56^ie»Bt. ±T©?g 
[0 0 13] LED«|jS©<«fifcittViT, iRlRtt©-!^ 

«<sss«ttKiBH©xfcr:^:^'>'v;i^Jis»;«-e#«t 



(3) «fBi3p6-3 0 2 8 5 7 

-enaiiJKtt^gSIRttL E D«3ft©S5:ltX:?iJl' 
^J: •tnt^UVix:^;!/^ • s/^*^ 

l/TVi«*i&T?»«. X:?i;i/^ • ^^y:/ti|fi©ii[it 
x:^Jl.=^i t©W©J; ^ ;ia:Wfi5«S»©3S***L< IS« 
■r-5, -l^6<J^fiStR!£l»*-rs;^Sttl®^W;5:t>©T 
ffJ^Si^^telctt^b^xyf^^y, 7«y:/Wli/W 

^ga«©ii§5Strtt5{c, ®iRtt©s«a:«»rs 

10 B©-BPXl±^SI^-r-5J:t"t>^*n-5o 

[0 0 14] Jfclw^2««*tLED«jifC>;7x-;N • 

>^^>if^ti^. »mf3msi&m^\i. »2©>?x-a 

>i/ttLED«ijg©S±Xtt«T«-CfT5 ^ t*«T?€r 
S. LEDSIiIttlti^©p-n»^KafiKn 

-Y 7 X *iin^ « fc» (r^*iPi^ic«ffi<&ii^Tii « ©T. 
25fettS«ti*SBt©^*B©fiJi^&S/MSfct- -5 

Vi^. I n^^^5^©tofc, «BeP«iat*iS5<> Jftflttt 
sO^iif < . XCA/X»tlSi^«i#tt*t«nj5:-£-©ffi©i«5i- 

ft:-i7x-A • Jj«>7*^ >i'©fflji"raffl-rn«3tflJT» 
•5, 
[0 0 15] 

[fPffl] «lf)*©:J^SS«ffl-r.5IS©M't^©— Ptt. - 

1 o<im*issi:gsfci*<, «eoT«n^-r<, 

30 ltV>Ct-C»S. ®2©^JgWT?tt. -l^«J^£gS«tt 
fg 2 ©S«SL E Dfl|ji©«±» t«t D#»t)IS:aT«)J& 

Ti**$ns, Ii2»«*xbr3'+>'i';i'^s^iis© 

« 8 5 JI/Xl4-?-na±©»V^S«*ll 0 #lt -5 21 i:*t pj 
mzts.^, il®IB2S«ttSWJa'&©T?J:<, Jt^W^a: 

«:WRrxmt*gffi«i©fc«)©i4iirRi±JitUTS3i-6, a 

n« L E D«jg©fl!l®TS)tttS«©m 2 ©^^ x-A • 

4?>x-c >if«5iff-r5is©M. ts«6g?i^^ttS(^ 

40 ±S-&^&«)©^|fttLTfc*ttS5i:r3. t8ttW3e3£tt;^f 
Jt*<iJ5>®T*s«^tt, c:©»2©at6*m2©'>x- 

[0 0 16] -^x-A • ^i^SW^SfflT-SS 

ttt««^sn«ffljiTf«s*t, iinfciatatist)© 

mttd«eviSJttt©S«T±ti, ;:©J;5>iSS«^ffi 

MtcttLED©sft*&*(i[B-r-5T?ab5 5. ^-jiT, 

50 D «V)S3£«t©SIS2:a$«(A«;^a6(cS€Q;«i- 



*• (4) 

5 

tRi\!Litm ^mm^ifi^ vm^^^n&iiiitm t&^m^^ ^ t 
[0 0 17] wim(D:^m\t^Ji~/\m^m^^r^m^ 

«l*ffi«*tbT rx^y v?a>fefit(edge dislocatio 
n)j , ■r;S:t>^-ecOA*-;Jf-X • ^i; V)Vifl'^x.-)\ • 

S<jC»<tDi«Vi ri£it^ffi[(threading dislocation) 

[0 0 18] *iB§B«gij®iijg0iiT(i. m\m\zis.^x 
^^•^ti^&mifiis.^^m 1 oi£sss-hTxt!^'+>'-v 
;p«fisn*. A1-&WOI 1 1 -vip«w©*<tts 

t^. ilOj;'5;a:^fl:CJ;cT, J9^?*«ffi^;ftA 1 
1 1 I -VXt!^+>'v;i'^&'&t?LEDtCffl«<t(CM 

tcii'blS.A 1 GaAsCDLED«ffla<D*-5?^jaTt?0 

*^j!itJftV^*t^V»S (xlf3'+->^;i/®2 8) 
£A l^*4i*«ief<;5:«'^ J?Vi23ttt, J»mtt©>^x- 
A«^)itfi#lftA«;it^T?€r«. |g«lcLT, Ga 
P (C? x-AS^S 2 4 ©:*:g8^i- te^m^t 

[0 0 1 91 SiJOllJBWITtt, LEDSIieSJg^-rSL 

^. ^^c»c5 7-©;&iRjCiS:lt$n;fe3ti»*tLED#Kfi{c 40 

[0 0 2 01 "^x-A • :1?>7*-C ^^ttMIC. t-JA^iftS 
fc*fciS3t?S: I I I -Vifi»#:^;x-AX»S i Ox 

-A& 1 1 - V I LED«igfctt^-r-5;it*»Trtr«. 
[0 0 2 11 stsuc^jswrtt, c?x-ASs^sns 



#M¥6-3 0 2 8 5 7 

6 

il>;ia:< tt>— rjo^^x— Agffi*t, ^7x— AO«ft»a 

^i£:sn.&. «i9;i(f. L ED <Dmwimmtzmm<Dnmm 
K&jgdrrs&i&ox-A • >i^cjfe3ioT 

tttUTttLED{C«BES911lDL, X#<yh-X5>y^' 

©Sis *JB5* fc-r -5 fc«e> tc^jsflis nfc«tsfcisjtt53t 
^l^tt*^^b3-a-T> ^*0fM©fi8«T?REia]3-a-s 

[0 0 2 21 SiixE©*^^, -^x-Aji^ljliStt*^ 

©fi*l<$ftt#|jS±0^^ttS^^-r-5±T7T> • 7* 
Jl'* »7— X©*(van der waals' forces) li— JKfCJiW 

•5C:i:fC<fct>T, C^x-A^^Sl-iKa^U 4$JCittS!« 
J»V>»*»^-r*l5K:"5x-A*M©^iP«ttfcfiH-r 
5<5r5*^©pgS;#CS«/MSt«J;St^ n t*tT?^S, 
[0 0 2 31 *fgM©l<J/^ttJ^©;^felc<i;^TiSig$n 
«LED©ttlB*««3fi$nsctK»-5. 3t«»lBRt; 

>5rW >i^tta«©Xtf^'=^->-\';l'J^fi«C±^«*5l!&S 
lt:^V>©T> 8 5Jl/Xtt-en£i±©»Vi»«*3Xh^a 

^«&r^^i?'v©««mtt*«ifli±-rs. 

[0 0 2 41 

[*ifi«aii gi 1 ^^mt^t. ^^mimm-ri>f^ i © 

xm\t, ««:{B©LEDM$-&©±7Ji^ft$ii:^^ 

1 »«t bTi^gsis 3 0 *s*?-rs ;i t-ca&5. ttfm 
ummm-rm. ^^m^s. 3 o »l e Dfi©9ijs%(cii$i£ 

«©«aw, 3t^wi$tttt«jftsn«LED©i(if^fctt 

Mfi^J^Vi©?, fi!c«S«ttLEDH©<Sgfc|^S-r s# 

[0 0 2 5] -i^^isesiss O0m\m^iii2 5 0;^ 

ViL5 0 0 Mm©4eHrt©GaAsSiRT*-5, ^^icfciza 
:3©LEDS3 2, 3 4. 3 6&r/3 8*t^SS«3 0 
±-C^fiSn-5. LEDSS 2 - 3 SttJKffiXi;^'^^ 

• xbf^'^^->$-^t3>^«i;ft^©:;^^©fBin*^sfijfflL' 

TjESfiStS-^Clt LEDe3 2-3 8tt-a 

ass^LED&jgfirrsdt, *f6Wttif©as©LE 



^' (5) 
7 

[0 0 2 61 0i^mR3O<Dm±<DLEDm5 2\tn- 

H-br>:y$nfcsafST*5!6». o o) t 

-kf^i'SnfeTSRODA 1 G a I n P !g»B*»figSSn 
T€SO!e$t@<DLBDJB3 40!>JP$»|f!l;l(28 0 0 

[0 0 2 7] A 1 Ga I nP(Dt&B!lS.>:;^-&L£D€3 
6ttJPS*tWit«5 0 0:?-y;)C-h;i'*Tr(KSSn5. 

:;*;tc:p-H-tf>i/$n&A 1 Ga I nF<D±Si^mm 
t:/i^ 1 1 h\Z, m I mm thfi^l. EDM 3 8 (DlRfSi 10 
W:tt»S**W^«8 0 0:J-/>i-h;v-e*-S, «iS©lt 

«&{iijt-r«;itfcj:oT. LEDii3gott«B&i^±-r 

Sfcfefc. ag^T, LEDS3 4. 3 6S1^3 8 J:t)t) 

^ift^^-f > H crStt7 ?^^-(Fletcher)te©3ieH1* 
W?B«fflS^5, 0 0 8, 7 1 8^tCiB«$nTVi-5, 
[0 0 2 8] LEDS3 2-3 8l*iT?(4&SS«03tK 

3itKJKtt©-l^«IJSg»«3 0 HIH«t»CttlBtC;KeSS 
n, JsSft^T3&^LED«3 2-3 8lCj:oTJ^^3n 

fcLED«jg*i^$nT^>5. fssss©iis5*tt, -fk^ 

LED)i3 2®^». Xtt-«*I§8*U Ta50«»Ji 
T*5 L E DH 3 4 W— g5*f^*-rs 
[0 0 2 9] -Nf/SgS«Sli§J*bfc«, fttgrSliSlg 
2 bit L E D«jg 4 0 ©STSO L E D» 3 2 

xttSJiJi©LEDB3 8©*rrn*»t-gf^ans. «^ 

3n?)'^^'i'x-A©(4ettLED«|jg4 0. RytfKfi 

s 3 2 - 3 8 ms/:mm^^n^^i&<Dfkmfmxs% 

^fflStl^. '>x-A-:i?>-x^>^tc:.koTLEDfc 
1S|gii5SS«£(>f-^T«B'J©;&j*iH:«UT*<©fU;St 40 

[0 0 3 0] |g3ttilMJitUTffifflSn. 
«Tfc*S»«tt, S5tttS«4 2*J««PT*5LE 
DS3 2(C'i7x-AS6'&SnfcSI]6fiW*S^bT^i-5. 

<\t^ai-;\m'^-^ nfc*«tt, S3tttS« 4 2 8 5 



!|*H¥6-3 0 2 8 5 7 

5 

«f|g|S5r«r»5-5. LED«ji4 0©tfcttW»Vi« 

TabSLEDBS 2-3 8iS?lt^J«S$1i:n«<tVi© 

3nfcj?v>sed«#6.n-5. -e©#s*iim§nsLED 
«fittfiftvi*t-s«scaD, «abfc<<;a:s© 

T, Sit*^J:DjBi*tr;a:r). ge©«Hlft*tii;*:-r-S. 

*©± 5 fc«asj»«i4«#*x#:^s/fc^s-rsiRc 

[00 3 1] ST|g4i&#S9-rs^:. iSjgIg©SD(r 
f4:SipS!®LEDS^*t-&*n«.. ««i4 4)OJ0IJAtfll 

«fc ±0 T±fflffiit«-c»a L E D« 3 8 ±fcjg^sn 

m2m@4 6ltii«f£. S%i£S«42JitCf^^S 

ns. c©«-&'&i!!i^*tfflvisn5*t, -e-ntwiS5tsn 

[0 0 3 2] «-&fCj;oTtt':7x-A-:|?>7'-f>i't 
tt. S i C&Wi<D^iKWSLX%h^m2W&A 8itm 1 

©«ig»c<f x-AS^snxvi-s. ■ris.t>%. m2msL 

tt-I^Wl«fiS«3 0 «l»*t-S«ffc':7x-A»-&Sn 
®2S«4 8«6SJl.*jS^-5 rjfViJ BTSse: 

fi!c*S«3 0 siiss^-r-statox-A^ 

^•r-5CtlCJ;-:)T, Xt;^'=*^5/-\'JPB©LEDH3 2 
- 3 8*»««CJ:oTS»Sna:Vi^ra!S«a<«:a© 
-If, iHff©««Mft^)ei4tt;*:<@K|pJ±t-.5T*55. 

S'j©a«i: UT, "^x-zN • 3j?>7^>r y^nmzwmm 

S^2«S4 8±ICXtr:?^>'VJW/3tfiS-&Tt)J:Vi. 

21© J: 5 ax fc;^4^2^^ jng«sfai^af)iT*« L e d 

€32 ©jSSSTA:gS:K3 0 ^B^^^Sn^Ji^AI: 

[0 0 3 3] S>J©^tfi«IT». B1©£B»S31£1£. X 
KKlR^4©^Sfi»«3 0±TJ*SSn«LEDS3 2- 
3 8<fe*f ■5|^3lEJg®«iS©'b©TJ;Vi, JE-O«^tt0 
5©'>x-Aa^BtCj:iM2S«4 8tt. 7^2/5^-^ 
-(Fletcher)«©3KB4$l1'^iniSS5. 0 0 8, 7 1 8 

s«4 8*s-&ufcai, ^i6»iii:ai&rx/xtt«ssiifc«4# 

B'J©tt«Bl6]±S«S«D 0«ifi©j£a5fc^>x-A8S^-r 
[0 0 3 4] Hfc, Bl 1 ©5fl^ttiS«5S*tfi<. SB© 

m»:ie{K:i!i«t|!B;gsn-5«£3ts^©S3£i$fi©fiKgs« 3 



i' (6) 
9 

©S)fett«««»JS«*0fi V>»ffl bfc L E D » fc "t? X- 

[0 0 3 51 l^tlfcbT. iR«tt©-l^e5^fi««SSI5 

^€:Sct)«-tt-5«:J6(C<i;x-A • >if^mmt 10 

^ZLii\mmfS.^mm^\ttir,Mfl. 2:©J:5;S:C/x- 
A • i^y'r^ >i^-Ct>LEDjtl^©1S||S|^«C|SlJ:S 

[0 0 3 6] 3T06S#fig-r-&t. e?x-7\ • Jp^x 
>i^ttBI 1 XttH 3 ©<»jn*^©#|jg*>5ffitt^b'r5fc 

je)t:"b*ijfflTf#s. #<©Ai-&*i I i-v^m?^ 

tt. ;:©J:'5ft¥3l(*:*^in*^J-»{cJ;t)5&fl2bSVi© 
fflSi©J&-&SHMt?tt^*5e"C*S. c:©J;5;a:^& 
ft;fc<fcoTfflS©ff$©Al-&*I I I-VXt!i'*-> 
^;i/S©LEDe3 0-3 8^£^trLEDIcm«tt©^ a? 

iiSSTTdeffl'I'tCA 1 ^***<i«Vi±«»©«»@-C*« 

L E D€ 3 8 ©K^icjSB-r^«'&«t%^. A 1 

©;*:gi55)-SA lfi!c5^©-&**«t®ViJ?V\ S^tt. mfS. 

^©■^x-A • ^j^^x.f >i/sa:it^ift^n«, '^im 

B&ihT€r-5. fii9;^«. "^x-A • yifM 5 0 

GaP-eJ:t>. 

CO 0 3 7] 0 3*Sr;#Jif 5t> 33tttS 
:|£4 2 ED«|]fi4 0 ^©M©mS©mM»^i!^»^ 

JBfl:©iliStJ:oT«8l-r2>ca:d«Ttrs. OT^tf. a? 
x-ASE^$n^l»S1$, S3^l£«4 2©±lilCl»tr^ 

L E Dfil3S©STS©L EDS 3 2 fCJ^^SrS J: 
€-5. J*S*»1 0 0 0:t>i''Xbn-i.5fc«©»jSC*W 
aiE/iS^WSJ^*fl6«-r5fc*»rttS5j^©A 
^-M4^5)'Jc:*:€fii:it*tiJj.ST?a&;5'b©©, ig;i^*t 

t©«#iii*«a3fctt»«'s©, X, S^»«*>&©3t 

S©2ja* BllBtct-*©tc^5J'/h*Vi ;i t**jf5.®T7fe 

Sfj^tt^^-Cfe. ^-^TSSwg 49 

S**gT«©LED»3 2©SStS«Sn. SMttfi 

fl;snfc^^-c©S^^d*;a:Sns. 

[0 0 3 8] ^^m»-^^7.n^\z^^>x, ^m^-^^ 



l^mW-G - 3 0 2 8 5 7 

t <fc o Tajttts«© LED ^mfSirr^ ZL hiflm^ uv» 
^<Dm(Dmm<Dm 5 2 5 4 ±c 

T, ii[«if::)zB'<fc^JSWI©«^©J:3lc»^^RYb®« 
5 6*^#-^$n-s. asvitt, x«-€-n»c:inAT. le 
D«ig4 o©ST®OLEDS3 2 ±JrKfl:i»&lX/X 
tt85;a^«^bfli«5 8»rAi?->jgfigUTt>J:Vi. 

l^l^tc«t#as««Sa:LT:*:1iifcS)l£tt{c-r'5ct'5 

esf@-e«-&LEDii3 2©^iii^^«&$n. 9m\zj: 
oTe©m©'i?x-AS^*«jgfi!6$ns. iiMaaifcio 

T«1SfffiSM©g^5SS*tltS!$n-5. 
[0 0 3 91 STE18S#JI8-r«>t, «[5BOLED«ji 
4 0 ttS 7- 6 0 lOx-ASS^-rS H iiifiX^^, 5 
7-6 0«^j:TT^CS;it$nfc3ti®, XttifeirSW 

[0 0 4 0] 57-6 0tS«6 2ttLED«)g4 0C 

3'*v'^;W(fifix«^^snfc:^7yy • 'jy'ki'iS'*^ 

5^oTt>.&t)©-C'bJ:ViCli:(Cg«SnfcVi. Sfi6 
2 S»jarr-5fc»»C>'>J n >, G a A s x\tmm<Dis>^ 

tas!fte»**»ttiSEWiisv»©-c, cn^coi^mz^^xm 
[0 0 4 1] ':7x-A • 3p>xi' >i^ie*5pjiauTa 

BLEDMBSJ^iESf SJit'b'rir*. ::©J:5;a:^T 

D«ji4 0 t6 4 t?&SViJcS-&T#, (Xtt) 
©StSI-^Tfr^. ±»®LED«iS4 0©LED13 
4 t 3 8 O h-lf>y©}giCttTeS©L ED«lig6 4© 

^7 oRtxa 6©-5-n^^n©h*-tr>-i''©jgs5;tm-r 

::©j;'5CbT, «lig*tsvifcsi^$n5l»(c:, l 
ED«iia:ij#®istt«*-r-5£< H-fc?>i'$nfch> 

«8tt, c:©S'&a5©«ffl^BilC!>x-A • 

<&ffVi^O. LED|)|ji©-aJtUTXlf3'^r'>v;Pj« 

[0 0 4 2] B9©3(IS»ffl'«©LED«ji4 0KC^6 



[0 0 4 3] LEDOJgfiK»CBbTftiecD»OS«*'? 

•C*Stt«CttSl, Ge, A IP, AlSb. Ga 
N. A 1 N, GaP, GaAs, GaSb, InP, I 
nAs, InSb, ZnS, ZnSe, CdSe, Cd 
Te, SIC. XfiJ:8BeD^^©ttjftOi|fl^*t#*n 

^iiS*5fc8&TJbS. •?x-A^^a«tt*ffl-C, — ^ 

':7x-/Ntt'&ii«-i^w/a6fis«±ic}B«3nfc, 

{a|;t«2 Mm©J:D»ViXt!^'=^^->-v;l'ST3>oTt>± 
Vi. ^:©J;'5:tt®**r>x-A«^sn» 5l€iBg 

viT;i©j*gs«*«»*$n-5. 

[0 0 4 4] HI 0ttA5'->?g^KSnjtMl©Btb 
T©4^M|#:':7x-A 1 2 6*t, ±«P©{e»® 1 3 0 t, 
igS!lBl3 2t. TaB©?eiJSl 3 4t*^i5lS:6LED 
ISiSl 2 8 fc<J?x-A»^*n«*JfiWS^UTVi«. 

LEDiB|jSttS«l 3 6±T^i^gS■B•^)J!l\ Xtt, S« 

1 3 et-i/x-AS^^n^ttdt-e^s. a^'->ji^ 

^Stlfc^ai^i't/x-Al 2 ettHSS^^UTSilBb 
St)©T?ttaVJ, A3'->?^J«3nfc^3l«t'>x-A 1 

2 6 am 1 ©^ffi t i,T©Tei5^H 1 3 8 *ija* 1 4 0 

tC<fcoTA^'->Jg«$nfc*il|flC'?x-A*tLED«| 

[0 0 4 5] gii irfi, /^^'->»<s«nfc*j»*':7 

x-Al 2 6«tLED«|jgl2 8©±(S©fe^Jil3 0 



(7) !|$Si¥6-30285 7 

f^x— AS5-&*nTV>4. ;J:tC«ail 4 2&tXl 4 4 
A*tA3'->}gtK$nfc¥3»ft:'i7x-Al 2 6©±gB^ 
ffitSffil 3 6 ©TI»«®±fcJg«sn^>. A^'->fl; 
SnZSiC^x-AWWffi*! 4 OttSP'bl/<tt^»SJg 

^■r«, 4 2 t«£E*B«iirr«c:tir±oTLE 

D«ji 1 2 8 \zmmmm-t^iii. m 1 1 (Dnmomn 
(D^m^^-r^'^iz. ^m<DMT<Dmmz\tmmmn 

[0 0 4 6] sg©ffi«tt-«tr®iRtt®««-ejb^. 

C J; o T L E DS«©Sa**^|nI±U, «Sf[i»MiS!&<£3! 

[0 0 4 7] x-^xyi/-- Rr^XJj^y h • XSi/iS'WJ; 

z)U^<oi&(DLEDm&hm^^n^mm(omn\z^-D 

TflMdt^ ^ n-5. a 1 2 ttX« 1 4 6 ±tC L E D«iS 
14 4 &lt^fc;^#y h • X5 y 1 4 2 ?e^UTVi 

a*. 1 4 8 t 1 5 0 ttC^x-A • 5p>5*^ ^i'e 1 
5 2rttCJgJ*SnTViS. LEDiflljgt'^^x-A • 

>i^etO*»ffi©^}Htt, Sffil 5 4&rXl 5 6 

a? *^6«»W'v©«iK©sf£nsi83e-r««iB*»:fcr. m 
n;fc«sis«aig!Sfcj:'pTa* 1 4 s 1 1 5 0 tomiz 

««EaA««*«#6n«. h-X5y3'142S 

3t7T-i'A*9fl^lci!e^-r«)J;5;^fflWTtt. 

©«fifE©sfEat3tiSitfi;?3**a*bv>. »is;/siii£«»i-c 
tt, a» 1 4 8 1 1 5 0 tt»-©s«sfra©sa-5a8^^ 

T7* 0 , r ©S}Hl*i-C«l^g*««t>Jfe©««jaA««*?^ 

[0 0 4 8] '>x-AS-a-$n5#»#:':;x-A©A3' 
50 LED**>e,ii:it$nfc)t«*«6BSWfcS 

■5-©— 3fc*$nTti5, LEDS156A» 
±■158 trm 160 a:©M{CgfegSnTti^. ^1.«5 
JB 1 6 2 1 1 6 4 l4K**fl!lT'j7x-AaS-&$n<5. ««E 
A^^S^mWcffift-C^^icaJr, *S^-&®J«1 6 6, 

1 6 8&C;i 7 0tt«ffil 7 2i>^^^»\zistitcmmz 

40 3(B^J-{:j£<lc»-5. C©J:5tcbT>fet8ttW©lflJ±&ll 

[0 04 9] «ai 7 2«)&LEDS1 5 6A^©«i« 
©«3itt#S-&®«l 6 6. 1 6 8&C^1 7 OfCOioT 

^ai:^^:iK»$n7i^'i*t. LEDgdie,®3t«i(4j^»s 

ns. 3t«©«ffil^I«#S^^SJ!l8l 6 6, 1 6 8. 1 7 
0 t»»TSSt©M»f*©^©«S«i:UT*-rst>© 
TJb^, ^H©#sif^*^©«*fsp»*?j3TJ;<, 
rtoaiff45»««iiT35-5. *S-&ffiJ«T©iE?6;^fflSfJ^ 
tt¥i»{*:'>x-A©S^;&fefcJ;:jTfe;&$n«. 
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CO 0 5 0] LEDffl^r/1^'->Jg^^^n&¥»^*:'i7x 
•o\znd>->m^'r^ljmv&^, 0i4Ttt, /la'- 

3'=^->-v;Pj[SS3n&'b©Tt>.fc<, 8 OT 

frftg-fSLED^l 7 8 fc':7x—Ag-&$nft: 
feJjK Si*l 7 6 (DJ^ffi{C5l^i^l'iT> ^2S«1 8 

2 ifln9->m^^nrz.i.E.i>m<D±.^m\z^3i-;\^ 

^ans. J&«V»tt. LED«1 7 4Rr^/XttSB2S 

«1 8 2 C>'t^'->Jgf£L.Tfc<tK HfC. il>Ja:< it) 

[0 0 5 1] nsmi os^Bar^t, s^i 4 oKg 

ifi©Xy^>i^ft$B$iflJfflUT¥««C'>x~Al 2 6iC 

}^dtT#«. SE-&$n«':7x-A©*ffi»cA3'->jg* 

^mTT^tvxm-f^t. m<o:fjm\z\tmn^r7.-^r\.it 

[0 0 5 2] A^'-^J^lffcanSi^^x-A • ^^t'-O 
i^oaili**n - G a P3£«*fleffl l/Tfftjnjt. A^- 
^flSSnfcn -G a PS«JO«aj£t'«ajBSfflVJT/X^' 
->J^^t?nJa:Vin-GaPS*E(Cl|g^$n&. /t^'- 
>Jgfifc^En^c««ttltS*«*!ll 7 5 umxm^ifimi 5 

fc. tt^tti 2 5jtimfcntWRi*RiTe.nfc. c<d^5 
f^^m-v£9i<D/^^->mmt^mzmmx^. m-^it 
^«iimmx^^<oiz^^umm^mi^mvx\,^it. 

ni5. /i^'->}g^snfc'>x-y\!otS5-&an^cM« 

Tn-J^Xttp-je©<5in*^©3.X3j?-7»^fflO, ^ 
^ffitt*«fit»G a P -G a PS^^iSfiKSnfc. 
[0 0 5 3] llll5E^©aiffl 



(8) !RfB8¥6-3 0 2 8 5 7 

14 

B 1 5 tt-»©5^x-A8 0 ©^^x-Aft^SS/SrS 

(ommmi 8 4 t^^Huxvi*. m i ii«asi5«rtosi# 
#««8 2©Batto. 5-r>^xo. 8'f>g=^T» 
^. m 2 Hffisi:^ 8 6 »m 1 Hl&SSIfd' &^»U;^(fi:l9 

^t>^\^>9 0'S:^mT^&@iZ^8 8 <&{i;JtTVi«.. 

avMc^-a-^ftis— ^tC'i'x-AS oo»s&7>-y 
»l#lgit8 2rt{cEK:-rs;it*«TS«. 

JO [0 0 5 4] ^ltm2M«ag|5«8 4Rr;8 6*ecll-& 

K»5^S«9 2l*ifc»Aan. ;i©:^«tt*fcH«Jg 
jAciS*pfcSA$n-5, 1. 0 'Jy^'-/ii-©SI)^©H2 

nm9Lxm^ifi8 50-100 o-cstji^^ns. m 

«M»!tt0ra©ia«'N«^3-&«^3aitf*t). -e©^. 

[0 0 5 51 JnHfet, — ^tW-^zx-AS O^tfiEJgSn 
S. £EI8*tt53S«9 2©|?!H!g3B«» (5. 5X1 0"' 
20 /-C) t, m 1 1» 2 8 4 RtKS 6 ©r«ftl^3g# 

» (8. 4xl0-«/'C) t©SJCJ;oT^r-5. S 
fc, -^x-AS O©ISft03S«« («llA«GaP©ii^tt 
5. 8xiO-»/'C) tt«^Tr»5©Tr, EEHSASiEfc 
<Sii-r^>. -h*^^®^^. I I I -V^«^*:>:?x-A 
^om^. >>x-/\g®f4JBE*g3n 
■5 tSl>>ClEJ«:bTC/x— A*ffi©A7*««iESn-5 r 

[0 0 5 6] H 1 5 <D^Ju-/\ • 3p>x^ >i^^{BfcS 
^-r^mz, "^x-AS Ottfll^CLT'^^x-A^B^i 

ttHl2fcRIIMS«fc*oTl»*Sns. tt»jOtini G 

at-. pRacGaPTib««^tt, mim\mnmz\t 

NH< OHTXy5^>i^StXS;itC<J:^Tl»*Sn 
Xy'^>if<Dm. >>x-AAiS38sfe©NH4 OH& 

i»*-r«&»e)f;:«:^x-Attia^ y-;ptfcB*^n 

[0 0 5 7] *fcSS»UTVi4'5x-A8 Oifif,^i^/ 

-}Vifi»^-sn^. y-Mtm^a^izm^L. "^x 

40 -A8 0tt:7T>5^;l''7-X*fcj;oTm^!Kl!8{c@a 

E D mm<Dmmx&m a n-s © ic^^i-ft 9i«tt*t^ 
01 5©'^x-A • jj?>7^^ >i^sis*«^Man-5. 

[0 0 5 8] TIB©*»©«'&, -^x-AttGaP : S 

(n-5Xl 0''cm-») ©«« C (1 0 0) + (1 1 
0) ©3&|rHC2° , X\t (10 0) + (11 0) <d:^^ 
JCl 0 ° D t, (G a A s ±-T?«£S-a-Us&&JP$ 2 571' 
BO oaftxK^^+i/GaPd^SfP^Snfc) GaP : Zn 
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(P-2X 1 0" cm-') rjg<HS«J *^6)«oTVi 
5, GaAs :Te (n-5Xl 0" cm') ±T^JS 

mm^c^mm cmocvd) \z^^x^&^^it- \ h 

m©Ino.5 Gao.s P:Te (n-lxiO*»c 
m-») , Rt;MOCVDfcJ;oTGaAs±T^S$-e- 
&Ino.s(Al. Gai-. )o.5 P-SSH^jiOLE 
DtA^e^-S^feffltienfe. GaAsStett (1 1 

0) cD^&r^fc (10 0) +2' oiBiflnf*ofc. H^**:^ 

HCL : HNOarHz 0(1:1:1) tf>T?©x-/g=-> 

AuGeT^MftSn, RC^/5Lttp»ttj«tfflfcAu Z 

[0 0 5 9] -■0(D<y:c—/\ • 3p>x-l' >ifm<0^x.— 
/\ 8 0 0^#ffi-e3fM©«^fitt#tt&ii^-r* J: 5 

:iiy'^>ifvxmsimv. "l^x-ASOdt;^ 
«lcSS^Sn«)':7x-A*t, HF :li!i-f:t>* (1 : 1 

0) rx.vf->ifv, mzsi'i:t>7ii'cm^. nj -c*: 

jift S itfcgiJCD^aaigCD^fClS&S tlfc x-A t itlS! 
^Etlfc, ^-^Stl^f^x-Attn-J^ 
GaPSSi, (GaAs : Te±®) n-fgl no.5 
Gao. 8 PdiSritSfcroTSbofc. mo^mSHMXMO 
^fc, >>x-A«Sl SOi^x— A • ^>'f'<>{f^m 

p^zmm-^ntz, ^:t.-/\\tmmz i o o o-ct mw 
ms&m-stifi., NH4 oH-:A^/-)u-r;^n-snrc^ 

fifiSlWfiSiS^dt^Snfc, HF :iiJi-f^>*T©X 

y5^>i/tcj:t)iiaa3nfc«>x-Ai±. «^$n;fc^;x 
x-Agi^$n&s«*»&sij©'i7x-AS-&snfc»E 

[0 0 6 01 NH4 OH-^^i'/-;HCJ;.5S®M3att 
n-Jgl nGaP*n-J^GaP(::g-g-TS«'&. ^« 

«iBiffla-C«*ffi*i4$tt***i:S, (n-J^G 
aAs :Te±<D) n-Jglno.s Gao.s P* (Ga 
As :Te±K>) n-jeino.5 Gao.s PtSS-g-T-S 

Ufc. C:oSS«C:©Sffij!13S*n no.E Gao.s P\Z 
tt^iJ-tfft-S**. GaP3i^&B6^i|*»*±T|iS4*-r'5^:t 



(9) #BiiF6-3 0 2 8 5 7 

IS 

[00 6 1] (a) n-Jg©Ino.5 Gao.s PJCS-& 
Sn&n-}^©I no.s Gac.6 P*^e);5:<HffiS^S 
tlfct^x-At. (b) n-JgOGaP»cS>^*n&n 
-J^©Ino.6 Gao.s PH^^^^mi^m-Bf^tlftO^: 
-At©Jt«S!*tife$nfc. 5«:i^©ffl©'>x-At*>0fM 

©«mwsta#tt**-r^':7x-A«e^*t#enfc. l 

*»L/, (a) :ixj}?— 9©n-}|g©l no.6 Gao.s P 
/I no. 6 Gao.s P©S^tt. (b) a.X3l?-^©* 
i<? ffi©n-)^©Ino.6 Gao.5 P/G a Pg-&t jtiJL 
T«»BlT#U<fiV>StaSMU&. (a) ©ig-&ttfi 
tttt#?Jl. 5:t- ATf»D, (b) om^ttmL 

K««j5:f-AT*^fc, (2 0X205;i'©y-f7L) * 

g^*»4;>)liVU no.6 Gao.6 P/Ino.s 
Gao.5P©S-&tt. 1 0 0 O-C-CS^SSn^ I no.s 
Gao.s P/GaP©«f#tifciS!bT. i|lSl9 7 5*0©* 

r)i&m.-vt73i-/\fm±mzB.-oxi&^^m-v&^o 

[0 0 6 2] llil©i|g«a, LED©fijiT?^ffl$n-5 

tLTtt, ¥««:'^x-A©s§^xe©m. tt^B^^>^■a•^ 

2>S^©Ji!ft«. G aUTtittSfUT I nKT©^®i» 
9}&i)^^<> X\t. GaPtltiiLTI no.s Gao.s 
P ©'»Si^I!i#ttAt«nTVi-5iie*t LTM* LVit>© 
T?**. Kfc, AlGaAs-GaAs-InGaAs 

mmT\tmwLmiflit.f^6^m^^zLiii)m<^nx\,^^, mm 
\z. I ntt@ffl'>x-A - ^yy"^ >ifxn^\zmm. 

30 XttG a P t-&^L,T, S^Sn&^#H©^aT? I n 
I Gai-. P (x<0. 5) -^^S^I^TSCtdtT* 

[0 0 6 3] I n^*-^^}-fci)n^T, ll«©i|$tt. r:^ 
t>^®T©*ffi«ti6S*iS5ViC:t, &CX/Xttt)®»» 
1*tt©[^±tVi5!»tt*Wt-SSiJ©I I I-V, XttI 

I -V I ^^^feH^fci^/x-A • ^^xw- >i^ffl(r^rftJfr 
#IJfflT€r«. «e-3T, Hg-&:t, Cd-^, ROtZn^ 
*«36»ttCOJ;5ftffl3*T©±S;ft«ltt-C»«. 

[0 0 6 4] ^a©m^«g«[»it*fli^i&H*^'>x- 

49 AS^^Jg^Sf «9J©fi®?SA^;<3'tt. HI 5©Sia 

rtT-^x-A 8 0 &fij!aa-r5«^©iaft5)'^^T?*^. 

Bl 6tt-r3©M»-5Ja«»^£^UTVi.5. ±«©fi 
1 0 0 OrST© ffflSf^ij «^ (r am 
p) ifim^ti. yw>(nmmt^\t\ 0 0 ot;*T 
© rsjg©j «i4*t5^snTVi-5. <srn©«-&t>. i o 
0 0 1 *T«i*Lfca»c 1 i^ra©5Rftia!*tff t>n«. 
«©)^fflia«^)>^*t^$nTVi-5. 

[0 0 6 5] raS© rig|^©J ««^»Cj;^T-«»CiD 

50 ^«t*-f«. il©S«ttilffia»©-a5©»l|iB«f. £EIS 
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Oi:'ifimm\t Wm\zJ;:i>^iSits:m!mifi^ 

c©J;'5i^ft?|pttttp-Jgip-J^©':7x-A© 

[0 0 6 6] n-JgcDii^x— AJ:0t>p-}gO'i7x-A 

p-GaPtp-GaPO, X, n-GaP 
t n - G a P O^/x-A • ^i^dtHfrStlfc. 

M:^(D^^th, S'&ttii^MCHtjTi 0 oor-cff 

fcn^t. n-J^tp-}^«>5R;&©^^a:t)1J->yjl'0^ 

X 1 2 5 jPCD^'y :/©«^. G a P/G a P n -»a 

• -^x-AgS^COig^ (ij!fj5:j— A) <tDfc. 
G a P/G a P p -m:!—^—"^ ■ "^x— ASJ^©li 
^ (0. 9:r-A*«l) 0;&*t:*:«tffi35^oJ£:. n-fl? 
H-/t- > H tJtiSiUT p - H-A-> h ©i£«[**t 

[0 0 6 7] lSiR1£GaAs«lifi;&|gs£U S3K«Ga 
PSSSIno.s (Al. Gai-i) 0.6 P LEDIC 
H^I^<>x-A«^-rsc:a:(CJ:-3T, TcOKiRttGaA 

[0 0 6 8] SI SW-iyx-A- #>5'w'>^'«@«0f 

^. 2:cDS«i4«»©}iftiii^©»*tbTjE«i* safer 

O^^x-ASJEtS-rSfcJ&O— 0©||»S6«9 6SC^9 

8 ?&{t;lTVi«. -oo||«8|5#9 6 ©fi[«'&t>-B-fcf > 

1 0 o*^gij©ii»g5«9 soy 5/5^rttcs$anTVi 

[0 0 6 9] llfi)g5M9 6Rt^9 8ttjkJ?a^Wl 0 2|^ 
tEB^nxVi^. S;tf©ll«)SI5^l9 6«||«g|5$J®3I 
^^MPgBl 0 SrttCttil 0 6*S$r*ri:lcj;^TilP 
«(il^«l 0 2 l:^l/TB:£(9:Bic»$. ffiD&oMttffilt 

9 8ttlD«Jjp^l 0 2|^fc^t!|Blte-e&5, Il«ffl5**9 

8 oMaes 1 1 2 F^tcs^^nfclfl 10 4 trs^fcfx 

[0 0 7 01 SIl S&^Sa-r-St, — MOC/x— Al 1 

2Rt^i i4ttga)tti^(iisnTv»«ttiB*»^snTVi 

«. c:nt)ttBa«fc, HI Qtt^t^OC^x-Al 2 0*t 
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1 8*^L.TViS, H 1 9 ©HJSmtHlgiSn. 
-^ttH#:">x-A • >i/S:«EIStffi^^tHo 

liDff:^©^J-^&tt'>x-A 1 2 0©«Ht«aa&«/MSlr 

■r^±T«ST?*5, *S©5!^tt>>x-A)5t|e$}tT?tt 

[0 0 7 11 "^x-Al i 2SC^1 1 4S«IDKiM»-C 

irs0i 8oiiig0!itt. Ox-ASS-^-r-stiftOx- 

A«B*»6.K^b«&SS»«li«T#5©-UfiFjS-r*^5, & 

S£bV);i2:«>««. HI 8©||J6«!l»;i©J:^;&:8;'& 

[0 0 7 2] SiJWWtgtttL-T. 'i'x-A^ffiA>e,#Jn 
!|&SSiJiHJc«IRU 5.':3^ffiSAs^rYy:/X»P+v 

2). ^^iry:/*saf$nfc'::7x-A«-?-©^, fmw^m 

©mtgB«$nj;5. ^■v>y:/tt'>x-A©^ffii#:& 

^s&Kij'ii'rs©!?, =¥^y:/*ii«snfc':;x-A*« 

5/:/&si«p$nfc'i?x-AH5 0 o'c^m^^wmzm 
sasnx, ':?x-A©^^-vy n. s^^^ck 

[0 0 7 31 HJC, *^*JCH-y»J©^fX?£El 7© 

'xm^ 1 0 2 ssbTSsasii-, »^sn««s#®T© 

h • :^fX»CttHj Se, H2 S> DETeSC^DMZn 

30 *«^*nj:5. ;inttp-j^si^<i:0'bsin?»-5t* 
ens n -«?iiS'&ta:-oT!|*icas-e»«. 

[0 0 7 4] HI 7©K>£i:*p9 4trJ;t5THl 8©ge 
TjJJST**J:Dt)ffiVia«TfifiiH*|C'?x-A . :4<> 
5*w >'i'©»j**tWffiT?»«. iaS«Jfiv»i:i:i;:j;oT 
X If ^ ^'i^ir ;PL E D JB©lira±©S^*tg,MSfcai± 

T^e©ertt?©p - nSl^ai5©i^I!i)iig/jN|Stai±3 

[0 0 7 5] LED©ffl«SJ©fc«&©':7x-A • :^?>7*-r 

40 >i/©Str3iJ®fflj^ictt. ^7x-A©t»«M. mti^ 
;tei|£»ft:i^x-A*«^f -SUt****. -'DOW&ai 

mm\t. WMLm-fjSix^mfCsijnMmzmi^xi 1 1 - 

V, Xtt I V- I V^|£5(W*cJ;r)fc-)ia:»rg^^f4fc:);tt«. 

t^&ns I I - 1 V LEDi8itii©ffl«faT»s. -e 
©lie*. LED «is©««6«ixr;!»:ft^e<)*«tt©5R:3^ 
xtt-:«rSiBi±t-5fc«)t' I I -vm\zmws. i 1 1 - 

50 [00 7 63 £jl±©J: 5 1, *f8WO«SlifiWfc:3V»T 
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1. mao««4*tt*«-r««*^<-<:t-H)B (3 

2. 3 4. 3 6&t;3 8) ©SaStJSlSttdtSSI^tt^ 

^ 1 a« (30) : m 1 &w.±\z%yty-i rt- h 

»S«igt-«3:t»CJ:oT583tt^'1':t-HS«i (4 0) 
m (4 2) SI6^^''1*:^-HSlC'>x-A-3P>5^^'> 

[0 0 7 7] 2. js^t^'-f^t-Hesfiii-r-sxie 

tt, SftOSSat^'-frt-HJi (3 2. 3 4. 3 6&i;3 

8) (3 0) ±-ext^'^'->^;P)«s$«s 

[0 0 7 81 3. (3 0) S^STSXg 

^ S 5. tC^tytffia 1 *fcttiiHB 2 fc|E«0|iS5ti^-f 

[0 0 7 9] 4. S10S« (3 0) SHJ*rSX8 

S?^JB (4 2) 0'^73:-A.:iK>7*W'>i^CJfe5io 
Tff t)n^XS-Cafe 0, ^®<^x-/\ • ^i'tt 
^l»S!6«-€-i*^SI^*^5ns58iK^''f:t-H«it (4 
0) OfflJfflfcS^fcttSKSC^x-A • :«?>5*-f >ifr^ 

[0 0 8 0] 5. mmS (4 2) &«^y'f:t-H« 
it (4 0) t^^x-A • 3p>xw> >i^rSX8tt, 9x 
-A • 3j?>xY >^^tl-5H (3 2RtJf4 2) ^ifcYfc^ 

a«»«&#«fc*t±*snfcfia[Tr^sn5xe 

[0 0 8 1] 6. >>x-A • jK^T^w^i^-r-axs 
tt, -^x-A • ^>^^ >ifsnis>m<om^^^mm- 

^ft«>\zm (3 225:r;4 2) izBu^m^^zt^^ts 

[00 8 2] 7. Styt^-i^-Y^m (.3 2, 34. 3 

6SZ/3 8) 5&KifrsxstS3i£tt«!|Bf*s*;-r-5x 

€ (3 2 1 4 2) ©«El!LffiC*V>T I n^«^Si>, C d 
R«Zn-&:fi-]«^)-©-^Sa«rSXST?i6 

[0 0 8 3] 8. (3 2, 3 4. 3 

6X1X3 8) Ξ^'^^i/t';PfiKStaBi6:tt*«*«»?^ 
S-«p«i«SS« (3 0) SKtt ; -Rf«J«SS« (3 
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^■fr, i».m\mimm (3 8) s^tLd^o-i^wjdcss 
« (3 0) iciie^snfcii2ffl!iBi (3 2) s^TU -tn 

fcJ:oT-l^WJ3cfi»« (3 0) 

S3ttt©^J>J4<<i:fc-;^&«-r5*^««l (4 2Ri;4 
8) tfi^«;l. S^SS^•5©^±*A««?&S5^y-f3^ 
- H)B©S 1 tf^ aWBO-sfrfOx-A • #>5*w > 

i'-r^iits-g-*, •t'x-A • 3p>'xi'>i'-r5©tt* 
10 ASffit^jt^^-fpf- Het©:KiiLBTja«!£±#$-& 

T, Sl;&©MtcfifitriSliK<&iS^-r* :xei*^e.^-5 

[0 0 8 4] 9. -l^e<j3t«P«M©B€«i^XStt, 
^^fcy-r^f-HS (3 2. 3 4. 3 6S.rX3 8) ©^1 
mm (3 8) tC*A»« (4 8) &'i7x-A • JJ^^T^^ 

>4'bfca»cjass« (3 0) *i8{*-r5xs*-&trt(r 

C 8 tcgB«©56JKiS''f H©SBfi*ST?&5. 
[0 0 8 51 1 0. -l^«3tJt^S©B^iftiLXS 
tt, «3e^''f:t-HJB (3 2. 3 4. 3 6Rtf3 8) O 
-a? mum® (3 8) {C*^Sffi (4 8) S»5x-A-;i«> 

T'-f >i^-rswfcjsss« (3 0) si^-r^xg^^ 

[0 0 8 6] 11. Si^y-i-t-l^m (3 2. 3 4. 
3 6Rt;3 8) JitlB23jm«, S^tttftS (4 8) * 

( 4 2 RCF4 8 ) ©WfctiESt-«Xe*$ S fc-g^trtUIB 
8 . WfB 9 ^ fcfittlE 1 0 XzWmmt^^ ^- H ©« 

50 [0 0 8 7] 12. •>x-AS^©«Sl!tffiT©+i'U 

7©«itSi8a&«fc«)J::*^« (4 2RrX4 8) ©i> 

x-A • :^>y'^>if'i>iz]i-\fyif'-fjx^mx-r^ 

XSS S 6 C-&trt8ffi 8 \zWSL<nmti^^ :t- H ©Siii 

[0 0 8 8] 13. -I^Wfig«aE« (3 0) 
« (4 2&tX4 8) tcS^«i^*X8©|JKK^t:*B&± 

t^tcmz^tKmrn. (42) t^3t^''f:t-H© (3 

2. 3 4. 3 6RtX3 8) ©il>;5:< i:t>-:)&fC=^vyy 

40 Hefc*xsffi*':7x-A-:4?>xw'>ii^-r-5fcsi)jc* 

A»tRi:fS3t^''l':t-Hg©^^< 

:/««€^1.■r&a^>fcfRSJ|^^-sx8S-&t^i^lB 8 fc«B« 

©5S3tey-r H ©ifiji^^feTfeS. 
[0 0 8 91 1 4. mi«^y-f;}--H#lie (4 0) 
?£}g^-r'5;t*CmiSS3tiS^'f:t-HH (34. 3 62fe 
t;3 8) *Xtfi'^'>-v;WC*Sa-&, :«2«?fci^'f 
:e--H«ii (6 4) *?^^-r5fc»fc|g256Jt^^'f^- 
HB (6 6. 6 8&c;7 0) SXfcfiS'^v'i'jHC^figS 
« : » 1 fgJt^^-f H«ii£ll 2 5£3t^'^ h'«)g 
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[0 0 9 0] 15. mu%i%%ir-c^-vm 
4, 3 6Rr;3 8) tt, -nttim&WR (ao) ±cj« 

IE 1 4 CiE«©5Bty-f H*l(l@-r*;&ST*^. 
[0 0 9 11 1 6. 03^—f\'-^>'T^>if2M\i.s 

S±5tc:^lSrXS52f63t5''f*-H«jfi (4 02it^6 

4) ?&«ltg^*3-B:-r5lS*-g-tyWSB14tC8a«©ie3t J<7 

iS'-f :t- H s«wr 5:4? 

[0 0 9 21 1 7. Ml»r^ll2«3t5<<:t-H«ji 

(4 0R([;6 4) M«>h>:^i;PS^e5 (7 2) SJgfig 

ttSjt*oaf44*-rsxgss &tr^tjwia 1 4 jci2« 

[0 0 9 31 1 8. ta^WiRf ©^;ft < 

1X1X^2 OB (13 0) omnmizm^ 

TS#?WfclEfl:t-«<k5(c«l©Ji (126) ®mi© 

«t»StSI^SnTl»^b^:mi tm2®)i (1 2 6S, 
t;i3 0) €*'r-55S3t5^'f*-H«JK 

[0 0 9 4] 19. 5!5ty-f:t-He (1 3 0. 13 
2. &Z/13 4) <&Xtf^'4^v'^;P^S$ii:, Xtf^'^^ 

-sfc 46 ic/-^ ^' - > *S*?-r S * ^ t-&tr 

•5. .30 
[0 0 9 51 2 0. ^1©JB (1 2 6) ©^1^S£ 

;^^-~>if'r^j:m\i, ^l©^Ht}BoTS* (1 

4 0) s}gfS-r*?s:je>{cmi©B*»s«isf$issj*-r-sx 

e«*tr«r8a 1 8 tfB«©ffi3fci'-f ^- H*JgJ5fcf -5* 

[0 0 9 61 2 1. ms.^mm-^fttb\zm^ ( 1 4 

0) t&Ii^t)ii-UTSffi (14 2) SJ^^U mffitt 

^2©j§ (13 0) tiiRMmizmm^n^x.m'&'^ts 
mm 1 8 izfEmo^yt^r^ :t- h sfljfis-r «;&j*T?* 

[0 0 9 71 2 2. II1©S (1 2 6) 

[0 0 9 81 2 3. miCimm (.138) iim^fr-i 

•t-mm (1 2 8) f::J:oT5iS4sn-55ti»ffl©3tfi 

- >«fl^j«-r « ± 5 a:/'«i'->&a#?-r axe* 

•^tSWSB 1 8 »CS«©f23fc^''f HSJPlSrs^rfeT 

[0 0 9 91 24. %1©S« (3 0) «iS(t:Sl 
©S«fcl I -V II831£5'-f:*— H«jS (4 0) *K 50 
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II -y^^mi^mWitS i C»« (4 8) © 
I I -V I ¥»#:«jilC'?x-A • 3i«>x^' 

-r-sjitcjcoTi i-viiii«<^cHiii©sf^ttsi^± 
«. 

[0 10 0] 

[»?«©^*1 fil±©J:5fc. *S!WJcj:nK, BfS© 
L EDJi©f|]i§(rau£:;&^^;t^:|B^ 
TI|lS«*}gJ«L, ;i©miS«±CLED^$Jg^ 

awss'i'x-A • 3i?>5^w'>-r-sj:5fcL;t©-e. ® 

««6«Jl^tt tS3iett*WT-5 LED ^Sl^WfC^afcJJ 

mt^^tti^-c^^tthiz. mm^t^&mtomn 

ffi©fifii4s&S/MEtC-r'5 t)JtT7fr5. 
[BiiB©ffi^;3:Sin] 

[0 1 ] *f£?3tc j;s-i^e<i/Sfis«&wra-aii« 

[BI21 mi<D-V^6^fSi&mL&^^V^hEDim(D 

[03] '>x-A • iP^^^H-^i^S^lf^^iifflLTmt)^ 
ltfc*X»fiS*-r*0 2©LED«ig©fi!lffiHT» 

[04] 5^[^fl!liC«fii£W-r-&B3©«|j§©fllV0'7% 

•5. 

[05] "^x-A • !p>7'^' ^i'lcioTSfjasn&sj 

© L E Dl«iS©«l!nB0T?»S. 
[06] 01 ©gB^'•i^x-A»^S««flJtDf^^tfe» 

3 ©iiig«s|cF)fi!ia0TJ&^. 

[0 7] 02©LED«jifit<:7x-AM'&S«&«(D# 
(tft:9J©^^©MiB0-?i& 

[08] >^7x-A • ip^x-Oi'S^SfcJcoTS^-fc 
«tD#lt&02©LE D«|ji©fi!l® 0TaB -5, 

[09] flUgsn;&LED£tt©M90-?&-&. 

[0101 '>x-AS^SnfcA3'->?gfi8S*fflt»« 
LEDgB©fi!lH0-T?fc«. 

[01 11 '?x-A»^Sn?5:A:$'->J^j«g5£fflVi«, 
L E DSS©m0Tl»«. 

[012] •>x-AgS^$nfc/X^'->JgjSJi*fflt>S 
LEDg@©fl!lffl0T?&;5. 

[0131 C^x— Aa-&SnfcA^'->Jgf$^5£fflVi«, 
LEDilB©fi!ia0Tft«. 

[014] '>x-Ag^$nfc/^^'->}g^SS|9l.i« 
LEDiia©fl!lB0-pafeS. 

[015] *^W©XeSSIff-r^fc«)©'j7x-A • 3j? 
>>/Slt©iW»0-C*S, 

[016] 01 SW-^x-A • JJ^^x-f^i'i^eSftf^ 

-r«iis©sa!ij-flji^7:7-ci65. 
[017] *«M©xgs^fT-r?>&je>©Bij©ss©«i 
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(13) 



-302857 



[HI 8] HI 7 (D'&Uiilih\zmMr^1tilib<Dmkm 
[02 0] «£*(D!2iJKttaStg**-r«*-aH8^LE 

[02 1] €e*©!»iRtt«s^*-r«-sssss^LE 
[02 2] fie*cDS3t«a&ig*wrs-assa^LE 
[??^©I»W] 

3 0 ^SS« 

3 2, 34, 3 6, 3 8. 1 5 6A, 17 4. 178 

4 0, 6 4, 12 8. 144 A SS^t^-f :t- Hfllig 
4 2, 7 8 

44, 1 4 2, 1 44, 1 54, 1 56 US 

4 6 ^2<DnJ& 
48. 1 82 m2mSL 

5 0, 1 5 2 >^x-A • 3i«>x-f >ii^S iD 

5 6. 5 8 iSi^mimsim 
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6 0 59- 

6 2, 136. 14 6, 180 

6 8, 1 32 imm 

7 2 v>^)vm^m 

7 4 ±8g«ffi 

7 6 Tgpma 

8 0. 110, 112. 114. 

8 4. 116 mimsum 

8 6, 118 ^2mimii 

9 2 e^l'if 
9 4 RiSiP 

9 6, 9 8 mmm 

1 0 2 WkP^ 

1 2 6 ^^^-^x-A 
134 TeB®SB«» 

13 8 Ta^H 

14 0, 1 4 8. 1 5 0 
158 ±B 

160 TB 

16 2. 1 64 nSISB 

16 6, 16 8. 17 0, 172 



mi 



12 0 



[01] 



[02] 



38-—- 




35- 




34- ' 




32^ 
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38- 
39- 
34- 
32- 



40 



[04] 



[BI3] 



38- 
36" 
34^ 
32- 



r 



40 
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(17) 



#Bi¥6-3 0 2 8 5 7 



[02 2] 



26- 
26- 



24- 



AIGoAsip) 



AU3aAs(n) 



h Yy-i"^ 1043 X ifU—y^vV^-Y'y^'^ 17963 

N h"^^;!/ • •^^x'f 665 




